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Greenbel t  i ? i a r y l ~ , n c i  

- 
6. I n t r o d u c t i o n  

? l e c t r o n  v e l o c i t y  with respec-; LO the  laz t ices  o r  i r r . p r i t y  
cdi-iters i n  t h e  case of s e m i c o x h c t o r s ,  and  t o  t h e  i o n s  or 
~ ~ l e e u l e s  i n  ?;he case of ion ized  d1asir.a. W r i t i n g  e x p l i c i t I y ,  

-2 . r = A €  f 

P 

where p i s  t h e  power and tile c o e f z i c i e n t  A is independent  
of E but  may depend on t h e  temperature .  

P 

) *  The complex c o n d u c t i v i t y ,  o wi th  Maxwellian energy  
distribution i n  t h e  s o - c a l l e d  r e l a x a t i o n  t i m e  approximatio2, 
czz be expressed  as, i 



' I  

S u b s t i t u t i n g  t h e  r e l s L i o n  ( - j  L,ICG (2 j  zhe f r e q u e r c y  
depecdexce of zhe  c o n d u c - ~ l v i f y  c ~ c  Sc e v z l u ~ t e d ' ~ ) .  Thz 
ixatliematical tables f o r  t k e  evai-.:-.-cion are g iveo  by Dingle 
c t 26 10 < 3) 
*- - 0 

X G W ~  Lc saxe physiczii  ?:ocesses, ins tea2  GC t k e  relaZio2 
g iven  by Equatioc (l), w e  have, 

2, __. Concucrfv i ty  I n t e g r a l s  

a e n o t i n g  by k/.r t h e  c o e f f i c i e n t  of the i n t e g r a l  i n  /* 0 
Equat ion  (2 ) ,  we have, s e p a r a t i n g  5 i n t o  t h e  real  and t h e  
i xa g i car y p a r t s ,  



The TI i c t e g r a l  is  t h e  2milCa:- Fecn i -Di rac  in"Yegral, 
t h e r e T o r e ,  Its a n a l y t i c a l  nctzure 1s known and its numer ica l  
t a b l e  To our  knowledge?, T i n t e g r a l  cannot  be 
related t o  s p e c i a l  func t io r , s .  Therefore ,  numer ica l  computa t ion  
i s  carried out on I' and -,he 2enel-a: r e s l z l t  is  g iven  i n  

2 

2 
F i g u r e  1, w i t h  nurnerical  vrtlucs g;veii i n  Table  1. T1 (0) I s  

a l s o  r e c a l c u l a t e d  and i n c l u d e d  in the  f i g u r e s  and i n  t h e  
t;ble for completeness .  

Asymptot ica l ly ,  when & T o i s  v e r y  l a r g e ,  we have, by 

n e g l e c t i n g  1 i n  t h e  denominator of the i n t e g r a l ,  

When o Y o  is  ve ry  s m a l l ,  a sympto t i c  behavior  can be 
C t  ob-cained from a s teepf 'descent  method of Sommerfeld and 

and well i l l u s t r a t e d  by S e i t ~ ' ~ ) .  The r e s u l t  is ,  

i 
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T'ne e v a l u a t i o n  of T1 is  a lmost  i d e n t i c a l  t o  t h e  example of 
Se i tz" ) .  
d e f i n i t e  i n t e g r a l s :  

The c o e f f i c i e n t s  A and B of T2 are t h e  fo l lowing  

w i t h  

- q  
Q l  

-2q) e 
0 3 3  r, ( 1 - e  

B = j  (1 + e -27 ) 2  
-CQ 

e C  From 

2 5  (an 
n = o  

i n t e g r a t i o n  table 

i ,-- 
7 *, : 1 

( 8 3 )  

we have 

1 

f 

n-0 2n i 1 

03 

B = 2 r ( 4 )  2 (-l)n 
n= o 

3 
= 3/8 7;. 
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Therefore, bo th  T1 azc zi, divz;-,t 2s ?;?.-,e f r equeccy  
approzches  zero. I n  x . 0 ; " ~  fzzliiiar d i s p e r s i o n s ,  t y p i f i e d  
by Loren tz i an  d i s p e r s i o c s  (ccrrEsponding t o  the case 
p = 0 i n  Equat ion  

L 

l)> t h e  cor re spond ing  Tl is  r l ' i n i t e  

3. D i s t r i b u t i o n  Funczioil of 3 e l a x z t i o n  Tirnes 

rn l i e  basis  of t h e  d i s t r i b u t i o n  f u c c t i o n  G (  T ) >  of 
r e l a x a t i o n  times, T , is 
the fo l lowing  i n t e g r a l  equa t ion :  

f o r  t h e  T* f u n c t i o n  of (412 

(9) 
CG 

2 
hlaking,,comparison between (9) ar,d ( 2 )  we can i n t e r 2 r e t  
t h e  p r e s e n t  thermodynamical model i n  t h e  f o r n a l i s m  of t k e  

d i s t r i b u t i o n  f u n c t i s n  or̂  r e l a x a t i o n  tirrieso Tie have, width ( 3 )  

' G  

i 
i j  
! ,  

i 
! 

i 

t 
i 
1 
I 
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A graph 02 G (4) is given i n  F igu re  2 .  We n o t e  some s p e c i a l  
p r o p e r t i e s  of G ( 7 ) :  

(i> G ( T I  h a s  a cu t -o f f  r e l a x a t i o n  time below which, 

( i i )  G ( I )  is  asymmetrical  w i t h  r e s p e c t  t o  log 5 ;  

( i i i )  G (T) approaches  zero  s l o w l y  as ”; approaches  

t h e r e  is  n u l l  d i s t r i b u t i o n ;  

i n f i n i t y .  

The s lowness  o f ’ approach ing  zero is  r e s p o n s i b l e  f o r  L n e  

d ive rgence  of c o n d u c t i v i t y  a t  t h e  zero f requency and t h e  
non-norma l i zab i l i t y  of G (T) -- i . e . ,  no rma l i za t ion  i n  t h e  
sszse , 

j; 
f 

G ( 7 )  d-: < m. ii 
0 

i 
I .  

t 

A s  can be proved,  wiieil z!ie range  ol r e l a x a t i o n  tiiiie 

is Tram 0 to m 9  ( i n s t e a d  G =  :he Z i ~ i z e  i-ang;ej; in orde r  th2.t 
c ~ A A L  1- 3 cor re spond ing  d i s p e r s i o a  funct’.or? be finite, G ( r )  skioiild 

&p+xoach z e r o  fas ter  than  7 when T ag2roaches  ze2-0, and f a s t e r  
.,?. LLI *: when T approaches i i i f i n ixy .  

fu:iction of Davidson and C o l e  (11), and I t s  modif ied form 

-1 

‘The above remark i s  well i l l u s t r a t e d  by the d i s t r i b u t i o n  
* (12) 

4 0 Decay Funct ion  
For  expe r imen ta l  a p p l i c a t i o n ,  sometimes it is  conveniei l t  

t o  de te rmine  t h e  r e l a x a t i o n  c h a r a c t e r i s t i c s  from t h e  t r a n s i e n t  
t i m e  of t h e  decay of t h e  c o n d u c t i v i t y  i n s t e a d  of from i t s  
f requency  d i s p e r s i o n .  Mathematical ly ,  this decay f u n c t i o c ,  
czn be o b t a i n e d  from t h e  Laplace t r a n s f o r m  of G (c;): (13) 



i 
! 
~ 

I ' .  

2=0 0 

_I ,n the ioreczzlzn d i s p e r s i o n  A ( ; ) ,  

say A, (t) would be 
d 

A, (t) 
L J  

t he  same i n i t i s f  

.- . .- . 

(13) 

vz lue  
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5 .  C o z c i u s i o s s  

A csnauczivity ciinpoi4r3i.or, modal w i t 1 1  a -chor;- . :odynzmical 

1 -c l z t ion  Setween t h e  r e l a x z t i o n  t i x z  and e x e r g y  a n a l y t i c a l  
is  i n v e s t i g a t e d  xatht?net ics i ;y ,  scd soze na;kexacical  
-- -- oblerns o?” z h i s  d i s p e r s i o n  f c n c t l o x  are  d i scussed .  With 

- 7  LAC a v a i l a b i l i t y  of t h e s e  rsslilts, it v~oulci be possible t o  
t e s t  t he  model for some experimenxal z e s u l t s  of c o n d u c t i v i t y  
d i s p e r s i o n  i n  plzsm2s and sen iconductors .  

I would l ike  t o  tkack E-, E. Osez of t h e  N a t i o n a l  
3?ureau of S tanda rds ,  who silggested.  :he s t e e p e s t  descen t  
I.L,:choa i n  f i o d i c g  ssyaptozic:  C C ~ : - Z S S ~ G Z S .  .,--. . s. xonas te rsk i ,  
CSFC, has he lped  me i f i  ckryii.-g GU; ail the numxsical computa t ions .  

.- - - -  
1 P - l  . .~ 

.- 

! 
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